timism, self-efficacy for health management, and trust in information from their doctors. Participants who shared results with their family were more likely to be female and to have a personal history of cancer, and had greater self-efficacy for health management, perceived less ambiguity in cancer prevention recommendations, and lower cancer prevention fatalism. Conclusions: We identified several novel psychosocial correlates of sharing genetic information. Health professionals may use this information to identify patients less likely to share information with at-risk family members.
colorectal cancer) for clinical use [1] [2] [3] . Criteria for BRCA1/2 genetic testing are varied but include factors such as early onset of personal history of breast cancer, a family history of male breast cancer, or a family member with a known mutation [1] . The Evaluation of Genomic Applications in Practice and Prevention Working Group recommends genetic testing for Lynch syndrome for all individuals with newly diagnosed colorectal cancer [2] . Patients who learn genetic test results, especially if the results confer elevated risk, may be able to better understand their lifetime cancer risk and to make informed decisions about screening and prevention options.
Whether these patients communicate their genetic test results to others can have important implications for themselves and their family members. For example, communicating test results to primary care physicians and other providers outside of tertiary care may facilitate appropriate cancer prevention strategies, including screening and behavioral interventions. Furthermore, informing biological relatives of test results and risk information can allow family members to decide whether to pursue genetic counseling and testing for themselves. A review of the literature determined that between 13 and 64% of family members informed of risk information sought genetic testing for themselves [4] . Thus, an important step in reaching the full potential of genetic applications is communicating test results.
Research on the communication of genetic test results with health professionals has primarily been conducted in the context of direct-to-consumer (DTC) testing. While the prevalence of sharing DTC test results with a healthcare provider varies considerably, it is consistently lower than communication of results to family members [5] [6] [7] [8] . Findings from studies in various testing contexts, including DTC, suggest that many factors are associated with greater likelihood of disclosing results to a physician. These factors include an individual's test result, sociodemographic characteristics (e.g. older age, higher education, greater income), medical factors (e.g. history of regular medical exams, personal history of cancer), and perceived cancer risk (e.g. perceptions of poor health, greater perceived risk of cancer before undergoing genetic testing) [5] [6] [7] [8] [9] [10] [11] . Participants who intended to share genetic test results with family members were also more likely to share results with a healthcare provider [12] .
A range of factors associated with whether individuals share genetic test results with family members has also been identified, primarily among individuals who received genetic testing while participating in a research study [13] [14] [15] . For BRCA1/2 and Lynch syndrome, individual-level factors associated with greater likelihood of sharing test results with family members included the nature of the test results, such that positive test results were more likely to be disclosed than negative or uninformative results [13, 16, 17] , and the individual's sociodemographic characteristics (e.g. being female, being White [18, 19] ). Several individual-level factors including preferences and knowledge have also been explicitly reported as reasons for sharing test results in qualitative studies or found to be statistically associated with sharing. These factors include greater need for emotional support [20] , feelings of duty or responsibility [13, 14, 21, 22] , greater knowledge or understanding of screening and risk reduction strategies or test results [18, 20] , and higher baseline self-efficacy for coping with the test result [12] . Factors relating to family dynamics and family members' anticipated responses have also been reported as reasons for sharing, including perceiving that relatives are emotionally ready [23] and able to understand the information [17] , closeness with family members [13, 17, 20, 22] , having relatives previously diagnosed with cancer [21] , and perceiving that information would help certain relatives to make their own decisions [20] .
We know of no research that has examined psychological factors such as optimism or numeracy, or attitudes about cancer (such as whether it is preventable or whether cancer prevention recommendations are easy to understand), as correlates of sharing test results. Moreover, limited research has examined how individuals share genetic test results outside of the context of research studies in which participants benefit from state-of-the-art counseling and behavioral recommendations that often accompany receipt of test results. To address these gaps, we examined national data collected from the populationbased Health Information National Trends Survey (HINTS 4, Cycle 3) to explore prevalence and correlates of both receiving and sharing genetic test results for BRCA1/2 mutations and Lynch syndrome. We examined sociodemographic and medical factors that have been associated with sharing test results (e.g. age, gender, personal history of cancer) in prior empirical work. Given that recent theoretical work has highlighted the relevance of an individual's personal characteristics and the quality of her/his relationships to the decision to disclose genetic test results [14] , we also examined whether novel psychological factors, including optimism, numeracy, self-efficacy for managing one's health, perceived ambiguity in cancer prevention recommendations, cancer fatalism, and trust in health information from doctors and family members, were associated with sharing high-penetrance cancer genetic test results. The results from the present study should be considered exploratory due to the small sample size; nevertheless, this study presents the first exploration of these factors in the general US population.
Materials and Methods
Study Design and Population HINTS is a cross-sectional national survey that has been administered periodically by the National Cancer Institute since 2003. HINTS data are used to assess how people access and use health information and technology to manage their health, and their engagement in health behaviors. The most recent version (HINTS 4) includes 4 data collection cycles over the course of 3 years. We report data from Cycle 3 which was conducted from September through December 2013, completed by 3,185 individuals, and included a series of questions on genetic testing and family history. Details of the study design are available elsewhere [24] .
Measures
Genetic Testing Engagement and Sharing Receipt of genetic testing was measured in response to the item, 'Have you ever had any of the following type(s) of genetic tests? Mark all that apply' with response options of paternity testing, ancestry testing, DNA fingerprinting, Cystic Fibrosis carrier testing, BRCA1/2 testing, Lynch syndrome testing, and other. The present study focused on cancer-related genetic tests: BRCA1/2 (described as testing 'to determine if a person has more than an average chance of developing breast cancer or ovarian cancer') and Lynch syndrome (described as testing 'to determine if a person has more than an average chance of developing colon cancer').
Data on sharing test results were obtained from responses to the item, 'If you had a genetic test, with whom did you personally share the results? Mark all that apply' with the following response options: health professional, family member, friend, other, did not have this type of test, and did not communicate the results.
Sociodemographic Factors
We examined selected sociodemographic factors including age, gender, income, education, and race and ethnicity. Marital status was dichotomized as those who indicated being married or living as married versus those who indicated being divorced, widowed, separated, or single , never been married. Presence of children <18 years of age living in the household was derived from the number reported in response to: 'How many children under the age of 18 live in your household?' Medical Factors Family history of cancer was assessed with the item, 'Have any of your family members ever had cancer?' (yes, no, or not sure). Personal history of cancer was assessed with the item, 'Have you ever been diagnosed as having cancer?' (yes, no). Participants who indicated having had only nonmelanoma skin cancer in response to a follow-up question assessing type of cancer were categorized as not having a personal history of cancer. Health insurance status was dichotomized based on whether participants indicated having one of multiple types of health insurance (yes, no). Access to a regular provider was assessed with the item, 'Not including psychiatrists and other mental health professionals, is there a particular doctor, nurse, or other health professional that you see most often?' (yes, no).
Two HINTS items assessed prior engagement with and attitudes toward medical research. Prior engagement in medical research was measured by an item assessing whether participants had ever engaged in medical research by 'partnering with medical researchers to help decide what research is done and how it is done' (yes, no, or not sure). Completion of the HINTS survey did not count as prior engagement, and an item assessing more traditional participation (rather than partnership) in medical research was not included in HINTS. Attitudes toward medical research were assessed as agreement with the item, 'Medical research provides information that people need to make medical decisions' from 1 (strongly disagree) to 4 (strongly agree). Because the distribution was skewed, responses were dichotomized as 1 (strongly agree) or 0 (somewhat agree, somewhat disagree, or strongly disagree).
Quality of communication was assessed as the average of 7 items (α = 0.94) indicating the frequency at which 'all doctors, nurses, or other health professionals you saw during the past 12 months' were responsive to patient needs and concerns (i.e. gave you the chance to ask all health-related questions you had, gave the attention you needed to your feelings and emotions, involved you in decisions about health care as much as you wanted, made sure you understood the things you needed to do to take care of your health, explained things in a way you could understand, spent enough time with you, and helped you deal with feelings of uncertainty about your health or health care) from 1 (never) to 4 (always).
Psychological Factors
Dispositional optimism was assessed as agreement with one item from the LOT-R, 'I'm always optimistic about my future' from 1 (strongly disagree) to 5 (strongly agree) [25] . Numeracy was assessed as the number of math-related questions about a nutrition label (out of 4) that participants answered correctly [26] . Self-efficacy for health management was assessed with the item, 'Overall, how confident are you about your ability to take good care of your health?' from 1 (completely confident) to 5 (not confident at all). Perceived ambiguity in cancer prevention recommendations was assessed with the item, 'There are so many different recommendations about preventing cancer, it's hard to know which ones to follow' from 1 (strongly disagree) to 4 (strongly agree). Cancer prevention fatalism, or beliefs about the inability to reduce cancer risk, was assessed with the item, 'There's not much you can do to lower your chances of getting cancer' from 1 (strongly disagree) to 4 (strongly agree). This operationalization of cancer prevention fatalism is consistent with prior research [27] and definitions of fatalism [28] . Trust in information from doctors and family were assessed with 2 single items, respectively: 'In general, how much would you trust information about health or medical topics from each of the following? (A) a doctor, and (B) family or friends', from 1 (not at all) to 4 (a lot). Responses to these psychological factors were treated as continuous variables.
Perceived value of family health history was assessed with the item, 'How important is it to know your family's health history for your own health?' from 1 (not at all important) to 4 (very important). Because the distribution was skewed, responses were dichotomized (1 = very important; 0 = moderately, slightly, or not at all important).
Statistical Analyses
First, we evaluated sociodemographic and medical characteristics of participants who reported having had BRCA1/2 or Lynch syndrome genetic testing and used χ 2 analyses and t-tests to compare these respondents to those who did not have either of these genetic tests. Next, among those who had BRCA1/2 or Lynch syndrome genetic testing, we examined the proportion who shared results with health professionals and family members. We used χ 2 analyses and t-tests to examine bivariate associations of sociodemographic, medical history, and psychological factors with sharing test results. Last, we conducted multivariable logistic regression analyses to examine whether the psychological factors that were significantly associated with sharing results in bivariate analyses remained significant when controlling for certain sociodemographic factors. Multivariable logistic regression analyses were used to obtain an odds ratio (OR) and 95% confidence interval (CI). All models included the following sociodemographic and medical history covariates: age, education, income, gender, race (non-Hispanic White vs. not non-Hispanic White), and family and personal history of any cancer. Health insurance was not included in these analyses because of its low variability, and marital status and presence of children were not included because they were unassociated with sharing of results. A statistical significance criterion of p < 0.05 was used for all analyses, and results at p < 0.10 are noted as marginally significant. Because of missing data, sample sizes for these multivariable analyses ranged from 56 to 58. All analyses were conducted using SPSS 21.0.
We also note that typical analysis of HINTS data involves using weights to approximate nationally representative estimates. Because of the small sample sizes, we were unable to use weights as the results became unstable with their application. We report results using pairwise deletion of participants who did not provide valid answers to individual items.
Results

Sample Characteristics
Of the 3,185 respondents who completed the HINTS survey, 135 participants (4.24% of HINTS respondents) reported having had either BRCA1/2 or Lynch syndrome testing. Of these, 58 respondents were excluded from analyses because they (1) responded 'Did not have this type of test' when asked with whom they shared their test results (n = 41), or (2) did not respond to the item about sharing test results (n = 17). The final analytical sample consisted of 77 participants (2.42% of HINTS respondents). Comparisons of the 58 excluded individuals with those included in the final analytical sample demonstrated that those excluded were more likely to be male [χ Table 1 presents demographic characteristics of those who reported having had BRCA1/2 or Lynch syndrome genetic testing compared to those who did not. Participants who had either BRCA1/2 or Lynch syndrome genetic testing were mostly female (75.3%) and had more than a high school education (63.6%). Approximately half reported a household income of USD <35,000 (41.6%) and were non-Hispanic White (52.0%). The median age was 54.5 (M = 55.3, range = 25-93 years). Approximately half (42.9%) had a personal history of any cancer (27.6% breast cancer, 3.9% colon cancer) and most had a family history of cancer (86.5%). The majority (66.2%) agreed that medical research provides information that people need to make medical decisions, with 8% reporting prior engagement in medical research.
As shown in the rightmost column of table 1 , participants who underwent either BRCA1/2 or Lynch syndrome genetic testing compared to those who did not were more likely to be female, to have a family and personal history of cancer, to have health insurance, and to have been engaged in medical research.
Prevalence of Sharing Genetic Test Results
Most respondents who underwent BRCA1/2 or Lynch syndrome genetic testing shared their results with health professionals (72.7%) and family members (75.3%). As shown in figure 1 , approximately half of participants shared their results with both health professionals and family members, with a subset only sharing their results with one of these targets. Three respondents (3.9%) reported not communicating their test results to anyone. A subset (27.3%, not shown) indicated sharing their results with a friend or 'other', all of whom also shared their results with a health professional and/or family member.
Correlates of Sharing Genetic Test Results with Health Professionals and Family Members
Health Professionals As shown in table 2 , no sociodemographic or medical factors were significantly associated with sharing results with health professionals. Several psychological factors were significantly associated with greater likelihood of sharing results with health professionals: being higher in optimism, reporting greater self-efficacy for health management, and reporting greater trust in health information from doctors.
Family Members
Participants who reported sharing their test results with family members were more likely to be female, to have higher income, to be non-Hispanic White, and to have a personal history of cancer ( table 2 ) . In terms of psychological factors, participants who shared their results with family members reported greater self-efficacy for health management, lower perceived ambiguity in cancer prevention recommendations, and lower cancer prevention fatalism.
Multivariable Associations of Sharing Results with Psychological Factors
All of the psychological factors identified as bivariate correlates of sharing test results with health professionals remained significant or marginally so when entered in logistic regressions controlling for sociodemographic and medical history factors (separate analyses were conducted for each psychological factor, as we sought to determine whether the effects were confounded by sociodemographic factors rather than to test these factors against each other). Specifically, sharing test results with health professionals was associated with greater optimism (OR = 2.23, 95% CI = 0.92-5.39, p = 0.076), greater selfefficacy for health management (OR = 1.88, 95% CI = 0.92-3.85, p = 0.083), and greater trust in health information from doctors (OR = 6.48, 95% CI = 1.63-25.68, p = 0.008). In all 3 analyses, no sociodemographic or medical history factors were significantly associated with result sharing.
Similarly, all previously significant correlates of sharing test results with family members remained significant when controlling for sociodemographic and medical history factors: self-efficacy for health management (OR = 4.33, 95% CI = 1.13-16.58, p = 0.033), perceived ambiguity in cancer prevention recommendations (OR = 0.01, 95% CI = 0.00-0.33, p = 0.012), and cancer prevention fatalism (OR = 0.23, 95% CI = 0.06-0.90, p = 0.034). Sociodemographic and medical factors had inconsistent associations with sharing across these analyses. When selfefficacy for health management was included in the model, gender, race, and personal history of cancer were all marginally significant correlates (all p < 0.10). When perceived ambiguity was included in the model, gender and race were significant correlates (all p < 0.05) and family and personal history of cancer were marginally significant (all p < 0.09). When cancer prevention fatalism was included in the model, only race was significantly associated with sharing (p = 0.036).
Discussion
The present study reports the prevalence of receiving and sharing BRCA1/2 and Lynch syndrome genetic test results using data collected from a national survey. The majority of respondents shared their test results with either a health professional or a family member. Participants were more likely to share their results with health professionals if they were higher in optimism, reported greater self-efficacy for health management, and reported greater trust in health information from doctors. We identified several novel correlates of sharing test results with family members, including greater self-efficacy for health management, lower perceived ambiguity in cancer prevention recommendations, and lower cancer prevention fatalism.
In 2010, ∼ 47% of the population was aware of cancer genetic testing according to data from a national survey [29] , and in 2011, ∼ 35% of the population was aware of DTC genetic testing [30] . Although such studies suggest moderate levels of awareness of genetic tests in the general population, only 2.42% of the present populationbased sample reported having had either BRCA1/2 or Lynch syndrome genetic testing. Because it is unknown what proportion of this HINTS sample meets the recom- mendations for these genetic tests, we cannot conclude whether this level of uptake is medically appropriate. However, the 2.42% statistic of self-reported uptake of BRCA1/2 and Lynch syndrome genetic testing can be compared to estimates in future population-based surveys to determine changes in trends. Several sociodemographic factors have been associated with greater awareness of cancer or DTC genetic testing, including being White, middle-aged, female, having a personal or family history of cancer, and having health insurance [29, 31] . Our findings that individuals who had BRCA1/2 or Lynch syndrome genetic testing were more likely to be female, to have a family or personal history of cancer, or to have health insurance, compared to those who did not have cancer genetic testing, are consistent with these previous findings. In the present study, the greater prevalence of women undergoing testing is likely due at least in part to the greater uptake of BRCA1/2 testing among women compared to men [32] , even though BRCA1/2 mutations occur at the same rate among men and women [33] . We did not observe differences by education, income, or race/ethnicity that were previously reported. Given the small number of individuals who reported having had genetic testing, these analyses should be considered exploratory, and it would be premature to conclude that disparities in awareness will not be present in uptake.
Our analyses indicated that most participants shared their results with either a health professional or a family member, with only 4% not sharing their results with anyone. Although limited work has examined whether individuals share genetic test results with physicians, the 75% rate of sharing information with health professionals in the present study was higher than the 27-40% of Navigenics consumers who shared their DTC results with their own healthcare provider [6, 11] . This higher level of disclosure may have occurred if respondents in the present study received genetic testing from a healthcare professional rather than through DTC testing, or if participants had dif ferent interpretations of the importance of results from different sources. Another explanation for the lower prevalence of sharing in prior research is that people may seek DTC testing if they do not want to share the results with their physicians, for example, if they are concerned about insurance discrimination. In the present study, fewer respondents may have received DTC results. A limitation of the present study is that we do not know with which kinds of health professionals participants shared their results, or the context in which they received genetic testing.
A larger body of evidence has accumulated relating to the process of disseminating test results within families than with health professionals [4, 22, [34] [35] [36] . The high rate of sharing test results with family members was consistent with prior research in which 99% of respondents shared their results [36] , which is expected because a major motivation for undergoing genetic testing is to obtain risk information for family members, particularly for one's children [22] . Importantly, we do not know how many and which relatives were informed, including whether participants informed biological family members as opposed to spouses or other nonbiological relatives. Therefore, rates of sharing with family members may overrepresent whether respondents informed biological family members who stand to potentially benefit medically from knowing this information. Research that examines what specific information is communicated, whether it is communicated accurately, whether it leads to behavior change or genetic testing uptake, and whether or how transmission of this information affects family relationships and dynamics is important to fully understand the social implications of genetic testing. Innovative methods, such as those utilizing pedigrees to map family relationships and channels of communication, may help to elucidate the processes related to communication [37, 38] .
In the present study, lower self-efficacy for managing one's health was associated with a lower likelihood of communicating results to both health professionals and family members. Self-efficacy is an important component of health behavior theories and an important predictor of greater engagement in health behaviors [39] [40] [41] [42] . Our finding is consistent with prior research, in which participant concerns about whether they would be able to accurately relay technical risk information [22, 36] and lower self-efficacy for coping with test results [12] were deterrents to sharing genetic test results. In the present study, participants with lower self-efficacy may have believed that they would not be able to accurately relay the risk information. Another explanation is that participants with lower self-efficacy may have felt that others would similarly be unable to effectively use and benefit from the information conferred by a genetic test result. Given the cross-sectional nature of the survey, however, it is unknown whether participants with higher self-efficacy were more likely to share results, or whether sharing one's results led to greater self-efficacy for health management. If self-efficacy does predict sharing, it is important to note that self-efficacy is an intervenable factor. Genetic counselors providing test results could use a single item to assess self-efficacy to identify patients who could benefit from further information or resources about how to effectively communicate their results. We also found that participants who perceived greater ambiguity in cancer prevention recommendations were less likely to share their test results, and this construct may similarly be an indicator that people have trouble understanding health information.
Lower numeracy is often associated with negative health outcomes [43] and is associated with lower awareness of genetic testing [31] and less understanding of genetic risk information and test results [44] [45] [46] . However, numeracy was not associated with sharing results in the present study. The discordance between our findings and the literature on numeracy may be partially explained by the way numeracy is measured. Our study used an objective measure of numeracy through a series of math-related questions. Other studies have used subjective measures of numeracy, assessed by participants' self-ratings of their own math-related abilities. The latter may be a better predictor of sharing than objective numeracy, as it may also capture a component of whether patients believe they will be able to understand and effectively communicate results.
We identified some differences among factors associated with sharing results with health professionals versus family members. Specifically, greater optimism and trusting health information from doctors were only associated with sharing results with health professionals, whereas greater cancer prevention fatalism was only associated with a lower likelihood of sharing results with family members. These findings represent avenues for future research and should be replicated given the small sample size.
There are several limitations of the present study. First, the cross-sectional survey design prevents drawing causal conclusions. Next, the small sample size precludes drawing strong conclusions concerning differences among those who did and did not undergo BRCA1/2 or Lynch syndrome genetic testing, and concerning factors associated with sharing test results. Findings should be viewed as hypothesis-generating given the large number of statistical comparisons in the small sample.
The small sample also precluded testing whether the pattern of relationships among variables differed according to BRCA1/2 testing or Lynch syndrome testing. Because more respondents had undergone BRCA1/2 than Lynch syndrome testing, the data are likely more representative of individuals undergoing BRCA1/2 testing. It is possible that differences in sharing of test results exist across these 2 hereditary cancer syndromes. There are similarities between BRCA1/2 and Lynch syndrome (i.e. population prevalence of 1 in 400; autosomal dominant patterns of inheritance; the potential to receive uncertain or uninformative genetic test results; lifetime cancer risks of up to 80% for the primary cancer (breast or colon, respectively) and smaller risks for multiple cancers; recommended screening beginning at 25 years of age) [47] . But, Lynch syndrome testing can involve both tumor tissue testing (e.g. microsatellite instability testing and/or immunohistochemistry) and mutation testing, which can potentially lead to uncertain results and/or discordant results across these tests [48] . Thus, individuals undergoing Lynch syndrome testing may be subject to greater clinical uncertainty about their risk status, which may influence how likely they are to share their results with physicians or family members.
Another limitation is the substantial number of people that provided inconsistent responses to the item about genetic testing and with whom they shared results. Up to an additional 58 participants may have received BRCA1/2 or Lynch syndrome genetic testing. However, we can only be confident that 77 participants did in fact receive genetic testing. Unfortunately, we do not know from whom or why participants received results, or the specific test results participants received (patterns of sharing differ based on whether one is a mutation carrier, noncarrier, or receives inconclusive results [13, 16, 17] ). A final limitation is the use of a single item that assessed only one component of cancer fatalism, rather than a validated scale.
In addition to the tangible benefits for family members in terms of obtaining genetic testing for themselves, sharing genetic test results can be beneficial if it allows the patient to receive social support [17, 35] . Thus, understanding predictors of sharing genetic test results is an important avenue for future research, particularly as genetic testing becomes increasingly available to the general public outside of the context of research or a physician's recommendation. The present data shed light on factors related to this process among respondents from a national survey. Following confirmation in larger samples (for example, if nationally representative surveys with more respondents, such as the National Health Interview Study, were to assess genetic testing uptake in detail), results from this study may help to identify patients who are less likely to share information with their at-risk family members and with healthcare providers who can assist them with disease management.
